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 Pupil tracking is of importance for any adaptive optics (AO) system where
a large amount of residual wavefront error can be induced by
misalignment of the subject’s eye and the system’s optical axis 1,2.
 We present a dynamic pupil tracker in the AO system, which helps to
minimize the error caused by misalignment and reduce the system’s
dependence on a high-precision and adjustable chin/head rest. The use of
a bite bar is also avoided, which provides the subject with more
comfortable experience in long experiments.
 We designed a pupil tracker for the AO system based on a Logitech
webcam. The pupil tracker was modeled in CAD software and then 3D
printing technology was used to produce the mounting components
(Figure 1).
 The pupil tracker was first used to study the eye movements of subjects
during a 30 min gazing task with a fixed Maltese cross target. The subject
placed his/her head on a heavy chinrest. The subject was allowed to blink
naturally.
 An example of movements of one subject’s left eye is shown in Figure 2. A
customized program written in Matlab was used to record the pupil offset
and pupil size.
Figure 4. Residual wavefront error of combined wavefront of a model eye and an
AO induced optical design with and without dynamic pupil tracking.
 Dynamic pupil tracking in an AO system is able to reduce the residual
wavefront error produced by misalignment of the eye and the system’s
optical axis.
 This function can help to improve the AO system’s performance in
experiments with optical designs which are sensitive to eye decentration.
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Figure 1. Illustration of the 
pupil tracker, a) 3D model 
of the camera mounting 
adaptor. b) With all 
components assembled, 
and c) The pupil tracker 
installed in the AO system.   
a)
b) c)
Figure 2. Movements of a real eye during a 30 mins viewing task of a fixed 
Maltese cross target. Sampling frequency was 10 Hz. Range of movements 
were within ±0.6 mm in horizontal and vertical directions. The peaks 
indicated when blinks happened. 
 The dynamic pupil tracking function worked at a sampling rate of 30~60
Hz and the image resolution across the pupil varied from 30~60 μm/pixel.
 A significantly larger amount of residual wavefront error was found with a
larger amount of pupil offset and in all non-tracked measurements.
 Pupil tracking reduced the RMS of residual wavefront to about 15~25%,
depending on the offset.
 The pupil viewer measured the pupil offset and provided pupil location to
the AO system in real-time (shown in Figure 3). The SLM dynamically
tracked the pupil location and delivers the optical design to the eye
 The combined wavefront aberrations were measured with and without
the pupil tracking and compared. Wavefront aberrations of a model eye
and an optical design with two levels of pupil decentration (0.25 and 0.50
mm) are shown in Figure 4.
Figure 3. Pupil offset is monitored and fed to the AO system in real-time. Running
in a close-loop mode, the spatial light modulator (SLM) of the AO system
dynamically tracks the pupil position and delivers the optical designs to the eye.
